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Optical measurement of the expansion of a laser plasma created on a planar microtarget C. Popovics [6] [7] .
On figure 2 appears a more complex structure which can be attributed to a filamentation of the laser beam in the plasma. This structure, very similar to what is observed in other experiments [8] , presents 8 to 9 Jlm diameter filaments. The distance between the filaments is at least 20 to 25 ~m. The filaments can be initiated by hot spots in the laser beam. The measured filaments diameter is in accordance with the calculation of stability of a filament propagating in a plasma [9] .
Indeed, the stable diameter is :
where c0p is the local plasma frequency, vo the oscillating speed of an electron in the electromagnetic field, and vt the thermal velocity. This gives and The 8 ~m diameter measured in the underdense plasma is close to the prediction, and the figure 2 shows that the filament diameter decreases when the density increases.
Although the exact position of an isodensity contour cannot be measured during and just after the laser pulse from the interferograms, we can show that the edge of the opaque zone can be associated to a density of the order of 5 x 1019 cm -3 to 2 x 1020 cm -3. Indeed, this transition corresponds to a sharp density gradient from the density of maximal penetration of the main beam until a density which is sufficiently small for the fringes be not much shifted. The opaque zone is characteristic of a region where the probe beam is refracted out of the imaging optics and must be associated to a density greater than 2 x 1020 cm-3. The fringes which are not much shifted correspond to a low density plasma. Figure 4c indicates that a density greater or of the order of 5 x 1019 cm-3 can be reasonably associated to the low density side of the sharp gradient. So the temporal evolution of the opaque zone can be compared to the plasma evolution calculated with an hydrocode. The calculation is done with the monodimensional hydrocode FILM [5] [6] [7] [8] [9] [10] with a laser intensity of 5' x 1014 W/cm2 and a 50 ps duration pulse. The energy is absorbed by Inverse Bremsstrahlung (8 %) and locally at the critical surface (10 %). The thermal flux inhibition factor is 0.12, value obtained for best fit of density profiles [3, 7] . Spherical and planar cases are considered. The spherical case is calculated with a target diameter of 50 ~m and for the comparison of spherical and planar calculations, the centre of symmetry is supposed to be on the planar target surface.
On figure 3 , we have reported the density contours 5 x 1019 cm-3 and 2 x 1020 cm-3 calculated in the spherical and planar case. We have also indicated by hatchings the position of the dark zone. This comparison shows that after the laser pulse, the plasma expands much less than the prediction of the planar simulation, and is better represented by the spherical model. On the other hand, during the laser pulse, the planar and spherical models give a similar expansion, and the experiment is not conclusive on the type of geometry of the plasma.
The analysis of the interferograms obtained after the laser pulse show also that the subcritical plasma expands spherically. Figure 4 shows the interferogram obtained 210 ps after the maximum of the laser pulse, on a 100 Jlm diameter target, and the results obtained from Abel inversion of the interferogram. The density profile (Fig. 4c) has a 13 ± 5 ~m gradient scale length at half critical density. The isodensity contours show clearly a spherical symmetry around a centre which moves off from the target during the expansion. The plasma diameter is of the same order as the focal spot diameter.
In this experiment, we have also measured the lateral expansion of the plasma which can be reached from the study of the plasma created on the periphery of the cylindrical target, on a non irradiated area. Figure 5 is the superposition of two interferograms, obtained before the laser shot (initial target image) and during the laser shot (At = 90 ps). It shows that the dark zone containing the expanding plasma has an extent of about 100 tim along the microcylinder. The measurement of the variation of the diameter of the cylinder in a non irradiated area leads to a value of the energy deposited by lateral transport along the target. Indeed, we may suppose that the radial expansion of the cylinder is self-similar in this case as the lateral plasma is heated by a thermal wave. Then the measurement of the diameter of the plasma at two different times gives the sound speed and the electronic temperature of the lateral plasma. In a cylindrical self-similar expansion, the sound speed is related to the density gradient scale lengths L1 and L2 measured at times t, and t2 by : The particles of the plasma are initially in a cylindrical corona which depth e is the penetration of the thermal front. This depth can be evaluated to 1 gm or less [11] . Then [12] . Nevertheless, a return current along the target could be also a possible mechanism to reach such lateral plasma conditions. And, in this case of targets of 50 Jlm diameter, a part of the incident energy may also directly heat the periphery of the cylinder as the focal spot is larger than the target diameter.
In summary, this experiment of interaction on small size planar targets have evidenced the following points : -during the laser pulse, non linear phenomena such as density crater formation and filamentation occur in the plasma; -after the laser pulse, the subcritical plasma expands spherically; -about 1 % of the incident laser energy is deposited indirectly on the periphery of the cylindrical targets, on a distance of the order of 100 gm. This lateral heating can be attributed either to suprathermal electrons or to a return current in the target.
